Objectives: To evaluate pediatric intensive care unit (PICU) needs, outcome and predictors of mortality in post-neonatal tetanus. Materials and methods: Review of 30 consecutive post-neonatal tetanus cases aged 1 months to 12 years admitted to a PICU in north India over a period of 10 years (January 2006 to December 2015. Results: Chronic suppurative otitis media was the commonest portal of entry. All received tetanus toxoid, human tetanus immunoglobulin (HTIG) and appropriate antibiotics; 7 (23.3%) received intrathecal HTIG. Common complications were respiratory failure, rhabdomyolysis, autonomic dysfunction, acute kidney injury and healthcare-associated infections. PICU needs were as follows: ventilation; benzodiazepine, morphine and magnesium sulfate infusion; neuromuscular blockers, inotropes, tracheostomy and renal replacement therapy. Mortality rate was 40%; severity Grade IIIb, autonomic dysfunction, use of vasoactive drugs and those who did not receive intrathecal HTIG were significantly associated with mortality. Conclusion: Post-neonatal tetanus is associated with high mortality, and PICU needs include management of spasms, autonomic dysfunction and complications and cardiorespiratory support. 
I N T R O D U C T I O N
Tetanus is a vaccine-preventable disease acquired through environmental exposure to spores of Clostridium tetani. Effective immunization has reduced the incidence of tetanus significantly in the developed world. On the contrary, it remains a major public health problem associated with significant morbidity and mortality in developing countries [1, 2] . Management in pediatric intensive care unit (PICU) is of paramount importance for control of spasms and muscle rigidity and for management of various complications including respiratory failure, acute kidney injury (AKI), autonomic dysfunction and healthcare-associated infections (HCAIs). Short incubation period (<7 days), short onset time (<3 days), autonomic dysfunction and cephalic tetanus are reported predictors of mortality [3, 4] . Human tetanus immunoglobulin (HTIG) is one of the pillars in management and combined use of intramuscular and intrathecal HTIG is associated with improved outcome [5] [6] [7] .
Despite being rampant in developing economies, there is paucity of data on post-neonatal tetanus cases treated in PICU of resource-limited settings, especially India [1, [7] [8] [9] [10] [11] [12] [13] [14] [15] . Therefore, this study was planned to analyze clinical profile, treatment, complications, intensive care needs, outcome and predictors of mortality in children with post-neonatal tetanus admitted to a PICU.
M A T E R I A L S A N D M E T H O D S
This was a retrospective study conducted in PICU of a tertiary care teaching hospital in North India. All children, 1 month to 12 years, admitted to PICU from January 2006 to December 2015 with diagnosis of post-neonatal tetanus were included. Our PICU is a medical ICU with 15 beds having facilities for ventilation and invasive and noninvasive monitoring. In recent years, total PICU admissions have been around 800-900 cases/year. The nurse to patient ratio is 1:1 for ventilated patients and 1:2 for nonventilated patients.
The diagnosis of post-neonatal tetanus was clinical (i.e. presence of trismus, risus sardonicus and/or provoked or unprovoked spasms) [1] . All cases were treated according to management protocol for tetanus used in our PICU [1] . Ethical clearance was sought from the institute ethics committee.
Data were retrieved from case records and entered on a structured proforma. Information on demographics, portal of entry, vaccination status, type and Ablett's severity grade, incubation period, period of onset, duration of illness, clinical features, treatment, complications, duration of PICU stay, outcome and follow up were recorded. Incubation period was defined as interval between acute injury and first symptom, while period of onset was taken as interval between first symptom and first spasm [1, 13] . Details regarding wound debridement and antibiotics, removal of unbound toxin (HTIG, intramuscular with/without intrathecal), control of spasms (benzodiazepines and muscle relaxants), control of autonomic dysfunction (morphine and magnesium sulfate) and supportive care (ventilation, inotropes, tracheostomy and peritoneal dialysis) were noted. Complications related to tetanus and PICU stay were included. Outcome (survival or death), length of PICU stay, status at discharge and follow up were also noted.
S T A T I S T I C A L A N A L Y S I S
Data entry and statistical analysis were performed on Microsoft Excel 2010 (Microsoft excel, Redmond, WA) and SPSS software version 21 (IBM SPSS, Armonk, NY). Descriptive statistics (mean, SD, median, range and percentages) were used for baseline variables. Survivors and non-survivors were compared using Chi-square test or Fisher exact test for dichotomous outcomes and Student t-test for continuous variables. Univariate and multivariate analyses were done for predictors of mortality. p < 0.05 was taken as significant.
R E S U L T S
A total of 30 patients with post-neonatal tetanus were identified of 6176 PICU admissions during study period (0.48% of total admission) ( Fig. 1 ). There were 23 (76.7%) boys with a mean (6SD) age of 7.2 (62.9) years. More than half (17, 56.7%) were completely unimmunized (Table 1) . Most common portal of entry was chronic suppurative otitis media (CSOM) (n ¼ 16, 53.3%) followed by acute injury (n ¼ 10, 33.3%). Incubation period in cases with injury was 7 (62.2) days. Duration of illness before presentation and period of onset were 5.6 (63.5) and 3.8 (62.7) days, respectively. All patients had generalized spasms at the time of admission. Other features noted are shown in Table 1 . All patients had generalized tetanus with Ablett's severity Grade IIIa (36.7%) and Grade IIIb (63.3%) ( Table 1) .
Wound debridement was required in 9 of 10 (90%) cases with injury. All cases received tetanus toxoid and intramuscular HTIG (500 U). We started using intrathecal HTIG from 2012, and seven (23.3%) cases received it in doses of 1000 U. All patients were treated with appropriate antibiotics [crystalline penicillin in 23 (76.7%) or metronidazole in 7 (23.3%)] ( Table 2 ).
All patients initially received intravenous diazepam infusion (5-40 mg/kg/day) for spasm control followed by oral diazepam for duration of 20.7 (610.5) days once spasms were controlled. Morphine and magnesium sulfate infusions were used for control of autonomic dysfunction: the former was used in 29 (96.7%) cases for 15.6 (69.1) days in doses of 20-50 mg/kg/h and the latter in 26 (86.7%) cases for 14.8 (69.2) days in doses of 100-200 mg/kg/day. For spasms refractory to above therapy, neuromuscular blocking agents were used (n ¼ 21, 70%) for 6.8 (62.4) days. All children were ventilated for 16 (66.2) days. Tracheostomy was done in 12 (40%) at 12.3 (65.1) days of admission. Vasoactive drugs were used in 20 (66.7%) cases (Table 2) .
All cases had one or other complication related to primary disease or therapy (Table 3) . Most common was respiratory failure followed by rhabdomyolysis, AKI, autonomic dysfunction and HCAIs (Table 3) . Of three cases with cardiac arrest, two survived.
Twelve (40%) children died. The duration of PICU stay among survivors and non-survivors was 22.2 (610.3) and 7.7 (65.9) days, respectively. We were able to follow up 14 (46.7%) survivors for a duration of 5.6 (63.8) months of which 13 were well and 1 had post-cardiac arrest neurological sequelae at the time of last follow up (Table 4) . Univariate and multivariate logistic regression analyses revealed that severity Grade IIIb, autonomic dysfunction, those who did not receive intrathecal HTIG and requirement of vasoactive drugs were significantly associated with mortality (Table 5) .
D I S C U S S I O N
The present study recorded a 0.48% prevalence of post-neonatal tetanus among children admitted to PICU of a tertiary care teaching hospital in North India over a period of 10 years. Generalized spasms, trismus, jaw pain, risus sardonicus, opisthotonus, cervical rigidity, dysphagia, body ache, fever, dysarthria were common clinical features in our patients similar to that noted by other authors [1, [7] [8] [9] [10] [11] [12] [13] [14] [15] . All patients had generalized tetanus. None of the cases were completely immunized, a finding documented in other studies too from developing counties [1, [7] [8] [9] [10] [11] [12] [13] [14] [15] . Portal of entry was identified in 86.7% cases, the most common being CSOM followed by acute injury. There was no identifiable portal of entry in 13.3% cases. This pattern is also similar to other studies involving children with post-neonatal tetanus [7, 8, 10, 14, 16] . Mishra et al. [14] in a retrospective review of 77 children with post-neonatal tetanus identified that otogenic route of infection (58.4%) and trauma (23.3%) were most common portals of entry. Narang et al. [7] studied 70 children with post-neonatal tetanus, and found that 64 (91.4%) had an identifiable portal of entry: ear discharge in 60% (42 of 70) and acute wound in 31.4% (22 of 70). Other studies identified lower limb injury as the commonest portal of entry [15] [16] [17] .
All cases received appropriate antibiotics, tetanus toxoid and intramuscular HTIG and few received intrathecal HTIG (n ¼ 7, 23.3%). All cases required diazepam (intravenous infusion followed by oral, for 3 weeks) and morphine and magnesium sulfate infusion (for 2 weeks each). Similarly, all cases also required ventilation for around 2-3 weeks. The duration of requirement of intensive care and supportive therapy corresponds to natural history of tetanus where active spasms are known to last for 2-3 weeks [1] .
The common complications noted were respiratory failure, rhabdomyolysis, AKI, autonomic dysfunction (in second week of illness) and HCAIs. Rhabdomyolysis in tetanus is due to generalized muscle spasms. Myoglobinuria, hypotension, diazepam and sepsis can lead to AKI [9, 15] . Respiratory complications are due to spasms, laryngospasm, aspiration and heavy sedation. Autonomic imbalances (bradycardia/tachycardia, hypotension/hypertension and sudden cardiac arrest), HCAIs, paralytic ileus, decubitus ulcer and constipation have been reported in various studies [1, 3, [9] [10] [11] as noted in index study. We however documented a higher proportion of cases having autonomic dysfunction (63%) unlike an adult study where it was present in only one-third of patients (3). Generalized spasms, n (%) 30 (100) Trismus, n (%) 28 (93.3) Jaw pain, n (%) 23 (76.7) Risus sardonicus, n (%) 21 (70) Opisthotonus, n (%) 20 (66.7) Cervical rigidity, n (%) 16 (53.3) Dysphagia, n (%) 14 (46.7) Body ache, n (%) 6 (20) Fever, n (%) 4 (13.3) Dysarthria, n (%) 3 (10) Laryngospasms, n (%) 2 (6.6) Type of tetanus Generalized, n (%) 30 (100) Cervical, n (%) 0 Localized, n (%) 0 Severity of tetanus Grade IIIa, n (%) 11 (36.7) Grade IIIb, n (%) 19 (63.
3)
The mortality rate (40%) in the current study was within the range reported by other studies from developing countries (4.1-78.9%) [10] [11] [12] [13] [14] [15] . Ours being a tertiary referral center catering to a wide region, the sickest cases are referred to us, thus explaining the high mortality seen in our cohort. Deaths occurred at the end of the first week of PICU stay (7.8 6 5.9 days); immediate cause of death being refractory shock due to sepsis and autonomic dysfunction (n ¼ 6), sudden cardiac arrest due to autonomic dysfunction (n ¼ 3), pneumothorax (n ¼ 2) and multifactorial (n ¼ 1).
We found that the non-survivors had more severe illness (Grade IIIb), autonomic dysfunction, had not received intrathecal HTIG and required vasoactive drugs. Aggarwal et al. [12] in a study involving 57 children documented that autonomic dysfunction was seen in 17.5% cases and was significantly associated with mortality (p ¼ 0.025). Wasay et al. [3] studied 96 adults with tetanus and documented that autonomic dysfunction even in mild or moderate tetanus, irrespective of the need for mechanical ventilation, predicted poor outcome (59). Age, incubation period, duration of illness, period of onset, site of injury, AKI or HCAIs did not have any association with mortality in our cohort unlike few studies in which shorter incubation and period of onset were associated with mortality [4, 12, 18] .
We observed that use of intrathecal HTIG along with intramuscular HTIG was associated with good outcome. Our findings were similar to that of Narang et al. [7] who in their retrospective study of 70 post-neonatal tetanus, found that mortality was higher (25%, 7 of 28) in those who received clinical outcomes in the form of shortened duration
